Objective: Our aim was to describe the clinical features of infective endocarditis (IE) in the acute stroke setting and outcomes following thrombolytic therapy. Methods: This is a single-center, retrospective, descriptive case series of IE-related stroke (IES). Infective endocarditis diagnosis was based on the modified Duke criteria. Results: From 2001 to 2007, 18 patients with acute stroke had definite or possible IE. Presenting stroke subtypes were: 11 ischemic stroke; 2 intracerebral hemorrhage; and 5 with a combination of ischemia and subarachnoid hemorrhage. On presentation, 6 had objective fever and 5 had subjective fever, 8 had heart murmur, and 3 had classic IE stigmata. The most common laboratory abnormalities were leukocytosis (n ¼ 11) and anemia (n ¼ 10). Sixteen patients had valvular vegetations on echocardiogram; 6 of 8 patients had vegetations visualized on transesophageal echocardiogram that were not detected by transthoracic echocardiogram. Two of the 3 patients with valve replacements had vegetations only on their native valves. Of 11 patients with pure ischemic stroke, 4 received thrombolytics and had hemorrhagic conversion. Overall mortality of IES was 56% (10 of 18). Mortality in pure ischemic IES patients was 29% (2 of 7, median National Institute of Health Stroke Scale [NIHSS] 13) in those not receiving thrombolytics and 75% (3 of 4, median NIHSS 14) in those receiving thrombolytics. Conclusions: Though diagnosis of IE in the acute stroke setting is difficult, features of the history, examination, and laboratory data may raise concern for IE. In this case series, thrombolytics in patients with IE-associated stroke were associated with very poor outcomes.
Introduction
Stroke is a complication of infective endocarditis (IE) in 21% to 40% of patients with IE. 1, 2 Cardiac valve vegetations embolize to the intracerebral arteries, causing acute ischemic stroke (AIS) with or without hemorrhage. Diagnosis of IE, based on the modified Duke criteria (Table 1) , 3 includes blood cultures and echocardiograms, making it difficult to distinguish IE-related stroke (IES) from other embolic stroke in the acute setting. This is an important distinction to make in the thrombolytic era because although 4 cases of IES treated with thrombolytics reported favorable outcome, [4] [5] [6] [7] intracranial hemorrhage (ICH) has been reported in 3 more patients. 8 With so few reported cases, the overall safety of thrombolytics in IES is unknown and the American Heart Association guidelines are silent as to whether or not IE is a tissue plasminogen activator (tPA) contraindication. 9 In this study, we identify clinical features helpful in early recognition of IES and describe outcomes following thrombolytic therapy.
Methods
Patients with AIS and IE were retrospectively identified through the prospectively populated University of Utah Hospital and Clinics stroke quality database that includes all cases of hospital presentation of stroke, by searching all cases with the field ''endocarditis'' checked. Data for this study were abstracted by original source document review. Fever was defined as temperature >38 C. Classic stigmata of IE were considered present if mentioned. Infective endocarditis was classified as ''definite'' or ''possible'' based on the modified Duke criteria (Table 1) . Follow-up imaging was performed 1 to 8 days post-initial stroke presentation. Stroke severity was measured by the National Institute of Health Stroke Scale (NIHSS), with 4 recorded prospectively, 11 abstracted retrospectively using a validated method, 10 and 3 lacking sufficient documentation to score. Clinical outcome was described by modified Rankin Scale (mRS) at hospital discharge or death and was retrospectively abstracted. Binomial variables are reported as frequencies, normal distributions are reported as mean + standard deviation, and skewed variables (age, NIHSS) are reported as median and interquartile range (IQR). Institutional Review Board approval and waiver of informed consent were obtained.
Results
From January 2001 to December 2007, there were 2830 cases of stroke (1801 AIS, 293 transient ischemic attack, 526 ICH, and 210 subarachnoid hemorrhage [SAH] ). Of all, 22 cases were recorded as having endocarditis, with 18 meeting modified Duke criteria (12 definite and 6 possible); these 18 were included for further analysis. Presenting stroke subtypes included 11 with pure ischemic stroke, 2 with ICH, and 5 with a combination of ischemia and SAH. In patients with pure ischemic stroke, the median initial NIHSS was 14 (IQR [8] [9] [10] [11] [12] [13] [14] .
The most common IE-related findings on initial examination were fever and heart murmur ( Table 2 ). Six patients (33%) had documented fever at presentation; an additional 5 (28%) reported subjective fever. In all, 8 (44%) had a heart murmur auscultated on initial evaluation, including 3 (17%) with a history of valve replacement. Only 3 (17%) had documented Janeway lesions and splinter hemorrhages, including 1 (6%) who also had Roth spots.
The most common initial laboratory abnormality was leukocytosis (11 patients, 61%). Of all, 10 (56%) presented with anemia and 6 (33%) with thrombocytopenia. Erythrocyte sedimentation rate (ESR) was elevated in 6 (60%) of 10 patients; C-reactive protein (CRP) was elevated in 4 (80%) of 5 patients. Fifteen patients received vessel imaging: 5 with computed tomography angiography (CTA), 8 with magnetic resonance angiography (MRA), 1 with both CTA and MRA, and 7 with conventional angiography, 6 of whom had a preceding CTA or MRA. Only 1 patient had a mycotic aneurysm, which was identified by conventional angiography and not visualized by the preceding MRA.
All 18 patients underwent echocardiography; 16 (89%) had valvular vegetations. Thirteen patients underwent transthoracic echocardiogram (TTE); 5 (38%) showed vegetations (mitral valve in 4 and tricuspid valve in 1). Eleven patients underwent transesophageal echocardiogram (TEE) and all revealed vegetations (aortic valve in 3, mitral in 7, and both mitral and aortic in 1). Of the 8 patients with a negative TTE, 6 (75%) had a subsequent TEE demonstrating vegetations (mitral valve in 5 and aortic in 1). Of the 3 patients with valve replacements, only 1 had prosthetic valve vegetation; the remaining vegetations were on native valves.
All patients had blood cultures drawn, and 5 (28%) were negative. A wide variety of pathogens were identified in the positive cultures (Table 3) .
Of the 11 patients with pure ischemic stroke, 5 presented within 6 hours, 1 of whom did not receive thrombolytic therapy due to suspected endocarditis. The remaining 4 patients who presented within 6 hours received intravenous (IV) or intra-arterial (IA) thrombolytics + attempted mechanical clot retrieval ( Table 3 ). All 4 patients developed ICH, which was demonstrated on follow-up imaging obtained 11 to 28 hours following intervention: 1 with hemorrhagic conversion (HC); 2 with a combination of HC, ICH in a new location, and SAH; and 1 with SAH and ICH. Three of 4 died, all within 2 weeks. The fourth had an mRS of 5 after inpatient rehabilitation.
Overall mortality of IES was 56% (10 of 18). Mortality in patients with pure ischemic stroke was 29% (2 of 7, median presenting NIHSS 13) in those not receiving thrombolytics and 75% (3 of 4, median presenting NIHSS 14) in those receiving thrombolytics.
Discussion
It is generally recognized that there is an increased risk of ICH in IES. Despite this, previous reports of thrombolytics in IES reflect variable outcomes. Single case reports of 2 adults with IES treated with IV-tPA had positive outcomes 4,5 as did single case reports of an adult and child with IES treated with IA thrombolytics. 6, 7 However, in a case series of 3 adults with IES treated with IV-tPA, all 3 developed ICH and 1 died. 8 Although the formation and rupture of mycotic aneurysms is a potential mechanism of ICH, and the patient in our series with a mycotic aneurysm presented with ICH, mycotic aneurysms have not been commonly reported in this case series or others. 8 Additional possible mechanisms include septic emboli causing erosive arthritis with vessel rupture, immune complex-mediated arthritis, and infiltration of meningeal vasculature. 11, 12 Our case series supports the known increased risk of ICH in IES: 67% of all our IES patients presented with or subsequently developed ICH. Additionally, all 4 patients with pure ischemic stroke receiving thrombolytics developed new ICH. Thus, it is imperative to recognize IE as a possible cause of stroke. However, in the short window for IV and IA tPA, 9 the obvious difficulty of basing diagnosis of IE on the modified Duke criteria is that it relies heavily on test results not obtainable within hours of presentation. Physicians must therefore rely primarily on other factors to determine the likelihood of IE.
Three patients in this study had a history of valve replacement, but only 1 had a prosthetic valve vegetation, consistent with a report that neurological complications occur with the same frequency in native and prosthetic valve endocarditis. 13 Therefore, a history of valve replacement in the absence of other IE clinical signs should not necessarily preclude thrombolytic therapy. Although only 33% of the patients in this series were febrile on initial evaluation, an additional 28% were subjectively febrile prior to presentation. Patients' subjective reports of fever may be less reliable than objective fever on presentation but should not be discounted.
Heart murmur was documented in 44% of patients, and especially in a patient with no prior murmur history, is concerning for IE. Classic stigmata of IE such as Janeway lesions, splinter hemorrhages, and/or Roth spots were rarely identified (17%) but are valuable evidence for the presence of IE and can be quickly screened.
Leukocytosis and anemia, the most common laboratory abnormalities, are not specific to IE and must be considered in the clinical context. Both ESR and CRP may provide additional indications of IE but are not usually available within the thrombolytic window.
This case series supports the current recommendations that patients with ''possible IE'' by clinical criteria should have TEE without preceding TTE, 3 since 75% of the patients with a normal TTE subsequently showed vegetations on TEE. However, echocardiography is not commonly available acutely. Multislice CT may be able to detect aortic valve vegetation 14 but has unknown sensitivity and specificity. Currently, no imaging technique can diagnose valvular vegetation within the time constraints of acute stroke management.
Limitations of this study include its retrospective design and single-center source of cases. As this is a small observational study, we could not control for potential confounders. For example, patients treated with thrombolytics presented earlier than those not treated. However, early presentation in the treated group would be expected to bias the group toward better outcomes, which we did not observe. In the future, a prospective multicenter registry could more accurately determine IES outcomes.
Conclusion
In our limited experience, patients with IES treated with thrombolytics have a high risk of hemorrhage, and favorable functional outcome is extremely uncommon regardless of treatment. In this retrospective case series, we found that a history of fever, heart murmur, IE stigmata, leukocytosis, and anemia should raise suspicion for IE in the acute stroke setting. Since the diagnosis of IE cannot be confirmed This patient had known endocarditis and a minor SAH on presentation, but after discussion with the family and in the setting of a disabling left middle cerebral artery stroke, he received IA-tPA and angioplasty. This restored blood flow without worsening SAH on follow-up imaging, but he never regained consciousness and died 3 days later.
